Docking and Molecular Dynamics Simulation of Carbonic Anhydrase II Inhibitors from Phenolic and Flavonoid Group  by Aditama, Reza et al.
 Procedia Chemistry  16 ( 2015 )  357 – 364 
1876-6196 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
doi: 10.1016/j.proche.2015.12.064 
Available online at www.sciencedirect.com
ScienceDirect
!@F7D@3F;A@3>+K?BAE;G?A@BB>;76:7?;EFDK!+
A5=;@93@6%A>75G>3DK@3?;5E+;?G>3F;A@A83D4A@;5
@:K6D3E7!!!@:;4;FADE8DA?(:7@A>;53@6>3HA@A;6DAGB
*7L36;F3?3;6;@%G<3:;6;@13@3%3A>3@3+K3:*G=?3@ 7DF36;
$. /1+$,1-%'$+(01/6 ,#2,&,01(121$-%$"',-*-&6 * , ,$" ,-	 ,#2,&	
,#-,$0( 

3D4A@;5@:K6D3E7!!!!:3EDA>7;@B D79G>3F;A@I3F7DFD3@EBADF3@6:K6D3F;A@A8'
!@366;F;A@!!;E3>EAD7>3F76FA
?3@K 6;E73E7E ;@5>G6;@9 9>3G5A?3 FG?AGDE 7B;>7BEK 6;347F7E 3@6 AEF7AB7FDAE;E
 .3D;AGE ;@:;4;FADE 8AD !! :3H7 477@
67H7>AB763@65A??7D5;3>;L763E36DG9
*757@F67H7>AB?7@FA8!!;@:;4;FADE6D;H7F:7;@H7@F;A@A8@AH7>;@:;4;FADE43E76 A@
@3FGD3> BDA6G5F EFDG5FGD7E 3@6 F:7;D 67D;H3F;H7E
 ,:;E D7E73D5: 3;? FA E5D77@ BAF7@F;3> ;@:;4;FADE 8DA? B:7@A>;5 3@6 8>3HA@A;6
9DAGBE4K (,0(*("- 3BBDA35:
,:7E5D77@;@9A8@3FGD3>BDA6G5FE5A?BAG@6EI3EB7D8AD?764K3?A>75G>3D6A5=;@9?7F:A6
,:7
47EF >;93@6 67D;H76 8DA? F:7?A>75G>3D 6A5=;@9 E7>75F;A@ I3E 8GDF:7D D78;@76 I;F: 3?A>75G>3D 6K@3?;5E E;?G>3F;A@ 3@6 F:7
D7EG>F76EFDG5FGD7I3EGE76 FA7H3>G3F7 F:7EF34;>;FKA8!!	>;93@65A?B>7J
KGE;@9 F:7 GBB7D?7@F;A@76 BDA576GD7E 8;E7F;@
;5 3@6 		6;:K6DAJKB:7@K>		F7FD3:K6DA@3B:F:3>7@7		FD;A> 8D I7D7 EFDA@9>K EG997EF76 FA 47 3 BAF7@F
;@:;4;FAD8AD!!

M  ,:7GF:ADE
(G4>;E:764K>E7H;7D
.

(77D	D7H;7IG@67DD7EBA@E;4;>;FKA8*7E73D5:7@F7D8AD:7?;EFDK!@6A@7E;3@!@EF;FGF7A8+5;7@57E

$64-/#0 6A5=;@98>3HA@A;653D4A@;53@:K6D3E7;@:;4;FAD?A>75G>3D6K@3?;5EE;?G>3F;A@
 	
3D4A@;53@:K6D3E7!!!!:3EB:KE;A>A9;53>8G@5F;A@FA53F3>KL7F:7:K6D3F;A@D735F;A@A853D4A@6;AJ;67;@FA
4;53D4A@3F73@6 3("$3$/0 
!@366;F;A@F:;E7@LK?73>EAB>3KE3@;?BADF3@FDA>7;@D79G>3F;@9F:74A6KEB I3F7D
FD3@EBADF3@6?3;@F3;@7>75FDA>KF743>3@57;@F:74A6K
,:;E7@LK?7:3EE7H7D3>;EALK?7E@3?7>K!!!!!!.!!
ADD7EBA@6;@93GF:AD
,7>
	83J	

+ (* ##/$00 DG=?3@5:7?
;F4
35
;6
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
358   Reza Aditama et al. /  Procedia Chemistry  16 ( 2015 )  357 – 364 
5A@F3;@76;@5KFAEA>!.!00!!0!.>A53F76;@57>>?7?4D3@7.?AEF>K;@?;FA5:A@6D;33@6.!
I:;5: ;E FKB;53>>K 8AG@6 ;@E3>;H3
>?AEF7H7DK ;EALK?73EEA5;3F76 FA57DF3;@6;E73E7EEG5:3E53@57D 6;347F7E
9>3G5A?37F5
;E73E7ED7>3F766;D75F>KFA!!3D7 6;347F7E 3@69>3G5A?3

!!;@:;4;FADEF:3F:3H7 477@;@H7@F76FA63F73D7EF;>>CG7EF;A@34>7;@F7D?EA8E387FKGE397
!@:;4;FADEF:3F:3H7
477@5A??7D5;3>>K3H3;>34>7EG5:3E357F3LA>3?;67?7F:3LA>3?;673@67JF:ALA>3?;67 :3H7EFDA@9;@:;4;F;A@
BAI7D 8AD !! 4GF F:7K I7D7 @AF EB75;8;5
 ,:AE7 5A?BAG@6E 3D7 @AF A@>K ;@:;4;FE !! 4GF 3>EA AF:7D 
;EALK?7E
 ,:7D78AD7 F:7 GE7 A8 F:7 34AH7 5A?BAG@6E ?3K 53GE7 E;67 78875FE EG5: 3E @G?4@7EE F;@9>;@9
67BD7EE;A@ 83F;9G7I7;9:F >AEE 93EFDA	;@F7EF;@3> ;DD;F3F;A@?7F34A>;5 35;6AE;E 3@6 FD3@E;7@F ?KAB;3
 ,:7 AF:7D
5A??7D5;3>;@:;4;FADEG5:3EFAB;D3?3F7;EEF;>>CG;F7I73=FA;@:;4;F!!35F;H;FK
,:;E?AF;H3F7?3@KD7E73D5:7DE
FAE73D5:@AH7>5A?BAG@68AD;@:;4;FADE
'@7I3KFAA4F3;@EG5:;@:;4;FAD;E4KE5D77@;@98DA?F:763F343E7A8
@3FGD3>BDA6G5FE3@6F:7;D67D;H3F;H7E
,:7D73EA@A85:AAE;@9F:7@3FGD3>BDA6G5F;EFA?;@;?;L7F:7G@I3@F76E;67
78875F F:7D74K ;?BDAH;@9 F:7 E387FK A8 F:7 ;@:;4;FAD
&3FGD3> BDA6G5FE 8DA? F:7 B:7@A>;5 9DAGB 5A?BAG@6E :3H7
477@BDAAH76FA:3H7EFDA@9;@:;4;F;A@BAI7D8AD!!
 ,:7D78AD7 ;F AB7@F:7I3KFA67E;9@@AH7>;@:;4;FADE8DA?
F:7B:7@A>;5	43E76@3FGD3>BDA6G5F

,:74;997EFA4EF35>7;@8;@6;@93BAF7@F;3>6DG95A?BAG@6;EF:7H3EF@G?47DA8H3D;3@FEF:3F?GEF475A@EFDG5F76
3@6 F7EF76 ;@6;H;6G3>>K ;@ F:7 E7>75F;A@ B:3E7
 GDD7@F>K F:7 8>AI A8 ;@8AD?3F;A@ 3@6 F:7 @776 A8 @7I 6DG9E ;E
;@5D73E;@9
,:;E>736FAF:767H7>AB?7@FA86DG9EEA>7>KD7>KA@F:7 7JB7D;?7@F3>3BBDA35: I;>>@AF>;=7>KBGDEG7F:7
7J;EF;@9 67?3@6E
 3EF ;?BDAH7?7@F A8 5A?BGF7D :3D6I3D7E 3@6 EA8FI3D7E ?3=7 ;F BAEE;4>7 FA 53DDK AGF :;9:	
F:DAG9:BGFED577@;@9F:7D74K7@:3@5;@9F:7EB776A86;E5AH7DK8AD@7IBAF7@F;3>6DG9E
%A>75G>3D6A5=;@9;EA@7
A8F:7BABG>3DFAA>8ADF:7:;9:	F:DAG9:BGFE5D77@;@9FA97F3@AH7>BAF7@F;3>53@6;63F78AD6DG9E
 !F :3E475A?73
DAGF;@7BDAFA5A>;@F:7BDA57EEA86DG967E;9@;@F:7B:3D?357GF;53>;@6GEFDK3@635367?;3 FA?;@;?;L7F:7788ADF
F;?73@65AEFD7CG;D768ADF:7;@H7@F;A@A8@7IBAF7@F;3>6DG953@6;63F7E

%A>75G>3D6A5=;@93>9AD;F:?;E 67H7>AB76?AEF>KFA8;@647EFBAE7A83>;93@6?A>75G>7;@E;67F:74;@6;@9E;F7A8
3 D757BFAD
 ,:7 47EF BAE7 ;E E7>75F76 43E76 A@ F:7 >AI7EF H3>G7 A8 ;@F7D35F;A@ 7@7D9K 3?A@9 F:7 >;93@6 3@6 F:7
D7E;6G7E ;@E;67 F:74;@6;@9E;F7
%A>75G>3D6A5=;@9?7F:A6 FKB;53>>K5A@E;67D3BDAF7;@3E3 D;9;6?A>75G>7
 +A?7
?A>75G>3D 6A5=;@9 BDA9D3? 366 ;@6G576	8;F 873FGD7 4GF A@ 3 >;?;F76 43E;E
 ,:7D78AD7 3 BDAF7;@	>;93@6 5A?B>7J
97@7D3F764KF:7?A>75G>3D6A5=;@9;EFKB;53>>K8GDF:7DD78;@764KGE;@93?A>75G>3D6K@3?;5%E;?G>3F;A@
,:7
5A?4;@7?7F:A6E 47FI77@?A>75G>3D 6A5=;@9 3@6% E;?G>3FA@ ;EI7>>	=@AI@ 3E F:7 D3F;A@3> 6DG9 67E;9@
,:7
3BBDA35:;E7JB75F76FA;@5D73E7F:7A66EA86;E5AH7DKA83@7IBAF7@F;3>6DG9

 

%A>75G>3DEFDG5FGD7A8 735: ;@:;4;FADE I3E BD7B3D76 3@6?;@;?;L76GE;@9%3DH;@+=7F5:BDA9D3?I;F:%%
AD57;7>6
 %A>75G>3D6A5=;@9I3E 53DD;76AGF4K GE;@9 '$ 7?B>AK;@9 97@7F;53>9AD;F:? 8AD E73D5:;@9 47EF
BAE7A8>;93@6;@E;67F:74;@6;@9E;F7A8 !!EFDG5FGD7
 A>6+5AD7I7D7GE76 FA53>5G>3F7F:7;@F7D35F;A@7@7D9KF:3F
6;EB>3K3E36A5=;@9 E5AD7
 !@;F;3>EFDG5FGD7A8!!I3EA4F3;@768DA?BDAF7;@63F343@=(I;F:3557EE;A@5A67
)
D;64AJGE76;@6A5=;@9E;?G>3F;A@I3EJJO
+5:7?3F;5D7BD7E7@F3F;A@A8;@F7D35F;A@ 3?A@93
>;93@6 3@6 D7E;6G7E ;@E;67 F:7 4;@6;@9 E;F7 A8 F:7 D757BFAD I3E 97@7D3F76 4K $;9(>AF BDA9D3?E
 ;@6;@9 BAE76
97@7D3F764K?A>75G>3D6A5=;@9I3EGE763E 3@ ;@;F;3>5AAD6;@3F7 8AD%E;?G>3F;A@
35:E7FA8BDAF7;@WE3FA?E
I3E B3D3?7F7D;L76 4K %* 8AD57 8;7>6E 
 (3D3?7F7DE 8AD 2;@5 ;A@ 3@6 F:7 53F3>KF;5 E;F7 A8 !! I7D7
97@7D3F764K 53F;A@;56G??K3FA? I:;>7B3D3?7F7DE 8AD 3 >;93@6I7D797@7D3F764K&, %*
!!	
;@:;4;FAD 5A?B>7JI3E F:7@ EA>H3F76 4K ,!((I3F7D?A>75G>7E
% E;?G>3F;A@ BDAFA5A>I3E 8;DEF 4793@
I;F:F:77@7D9K?;@;?;L3F;A@EF7BFAD7>;7H7E 4365A@F35FE;@F:7EFDG5FGD7
,:7?;@;?;L76EFDG5FGD7I3EF:7@:73F76
9D36G3>>KEF3DF768DA?#FA#I;F:&.,7@E3?4>7I:;>7BD7E7DH;@9F:7435=4A@73FA?BAE;F;A@4K3BB>K;@93
:3D?A@;5 5A@EFD3;@F I;F: F:7 ?39@;FG67 A8  ==3>?A>
 8F7D F:7 :73F;@9 BDA57EE F:7 EKEF7? I3E 4D;@9 FA F:7
7CG;>;4D3F;A@EF3F7 4KGE;@9&(,7@E3?4>78ADBE3F#3@63F?3@6F:73BB>;76:3D?A@;55A@EFD3;@FI3E
D7?AH769D36G3>>K;@F:75AGDE7A8F:;EEF7B
,:77CG;>;4D3F76EKEF7?I3E8;@3>>KGE768AD%BDA6G5F;A@DG@8AD
@3@AE75A@6@E
(AF7@F;3>7@7D9K 8AD@A@	4A@6;@9 ;@F7D35F;A@EI3E53>5G>3F76I;F:;@ F:75GFA88A8O
 !@ F:;E
%E;?G>3F;A@ BAF7@F;3> 7@7D9K 8AD >A@9	D3@97 7>75FDAEF3F;5 ;@F7D35F;A@EI7D7 53>5G>3F764KB3DF;5>7	?7E:I3>6
?7F:A6
>>%E;?G>3F;A@EI7D7B7D8AD?764KGE;@9%*H7DE;A@

.%

 I3EGE76FAH;EG3>;L7
3@63@3>KL7F:7E;?G>3F;A@FD3<75FADK

 Reza Aditama et al. /  Procedia Chemistry  16 ( 2015 )  357 – 364 359
 
!@;F;3> EF397 BD;AD ?A>75G>3D 6A5=;@9 7JB7D;?7@F I3E F:7 ABF;?;L3F;A@ A8 6A5=;@9 B3D3?7F7DE 4K GE;@9 F:7
AD;9;@3>;@:;4;FAD8AG@6;@F:7;@;F;3>EFDG5FGD7A8!!	$+5A?B>7J
$+?A>75G>7I3EF3=7@AGF8DA?F:7
EFDG5FGD7 F:7@I3E GE76 8AD F7EF;@9 F:76A5=;@9B3D3?7F7DE G@F;> F:797@7D3F76BAE7A8 F:7 >;93@64K F:76A5=;@9
5>AE76FAF:7AD;9;@3>BAE7;@F:75DKEF3>EFDG5FGD7
,:7ABF;?;L76B3D3?7F7DE8ADF:76A5=;@9;@F:;E7JB7D;?7@F93H7
F:7DAAF?73@	ECG3D767H;3F;A@*%+34AGF
O47FI77@F:7BD76;5F76>;93@6BAE73@6F:7 AD;9;@3>A@7
,:7E7
B3D3?7F7DE I7D7F:7@GE768AD6A5=;@9AF:7D>;93@6E;@F:;EEFG6K

ADFK B:7@A>;5 3@6 8>3HA@A;6 ?A>75G>7E  >;93@6 ;EA>3F76 8DA?  6;887D7@F !@6A@7E;3@ B>3@FE 4K &3FGD3>
(DA6G5FE *7E73D5: DAGB A8 !@EF;FGF ,7=@A>A9; 3@6G@9 :3H7 477@ 6A5=76 ;@FA !! 35F;H7 E;F7 GE;@9 '$
EA8FI3D7
 ,:75:7?;53>EFDG5FGD7EA8>;93@6E3D7E:AI@;@;9 
 ;@6;@9388;@;FKA8F:AE7>;93@6E3?B>7EFA!!
I7D77H3>G3F76355AD6;@9FAF:7;D8;F@7EEE5AD7I:;5:H3DK8DA? 	
FA

 ;F@7EEE5AD7D7H73>
F:74;@6;@9388;@;FKA8735:>;93@6E3?B>7EFAF:7D757BFADF:7D74KF:7:;9:7DA8F:78;F@7EEE5AD7F:747FF7DA8F:7
4;@6;@9 388;@;FK !@ F:;E 7JB7D;?7@F I7 8AG@6 8;E7F;@ ;5 8DA? (.1$/-" /. "$ $ 3@6 		6;:K6DAJKB:7@K>	
	F7FD3:K6DA@3B:F:3>7@7		FD;A>8D8DA? %/$1$00( :3H7F:7:;9:7EF8;F@7EEE5AD7I:;5:I3E
3@6

D7EB75F;H7>K
,:7E7D7EG>FE3D7;@355AD63@57I;F:F:7BD7H;AGE7JB7D;?7@F53DD;76AGF4K+3:;@7F
3> E:AI;@9
F:3F 5A?BAG@6E 8DA?BA>KB:7@A>E 3@6 8>3HA@A;6 9DAGB ;@5>G6;@9 8;E7F;@ :3H7 EFDA@9 ;@:;4;FADK 78875FE  FAI3D6E
!!35F;H;FKI;F:! 34AGF
U9?$

,34>7
;F@7EEE5AD7D7EG>F768DA?6A5=;@9B:7@A>;53@68>3HA@A;6?A>75G>7E;@FA!!4;@6;@9E;F7

&A +AGD57E %A>75G>7E ;F@7EE+5AD7
 
4D35F73F3 4D 

 
4D35F73F3 4D 

 
5:3?B767@ 5: 

 
5:3?B767@ 5: 

 
5:3?B767@ 5: 

 
5:3?B767@ 5: 

 
5:3?B767@ 5: 

 
5:3?B767@ 5: 

 
5:3?B767@ 5: 

 
5:3?B767@ 5: 

 
8D7F7EE; 8D 

 
8D7F7EE; 8D 




8D7F7EE;

9A?7L;3@GE
8D
9A




 
>3@57;8A>;GE >3 





>3@57;8A>;GE

>3@57;8A>;GE

>3@57;8A>;GE
>3
>3
>3






 
>3@57;8A>;GE >3 

 
>3@57;8A>;GE >3 

 
?3;@93K;; ?3 

 
DAFG@63 DA 

 
DAFG@63 DA 

 
E5:ADF75:;@;; E5 

 
F7KE?3@@;; F7 

 ;BF7DA53DB35737 ;B 	

 ;BF7DA53DB35737 ;B 

 ;BF7DA53DB35737 ;B 

 ;BF7DA53DB35737 ;B 

360   Reza Aditama et al. /  Procedia Chemistry  16 ( 2015 )  357 – 364 






 
 ;BF7DA53DB35737 ;B 	

 ;BF7DA53DB35737 ;B 

 ;BF7DA53DB35737 ;B 

 ;BF7DA53DB35737 ;B 

 ;BF7DA53DB35737 ;B 

 ;BF7DA53DB35737 ;B 

 ;BF7DA53DB35737 ;5 

 %
(DG;@AE3 %BD 

 %
*75GH3DF3 %D7 

 %
*:;L;@A;67E %D: 

 %353D3@933@67@A57D3E %35 

4D 4D 5:
5: 5: 5:
5: 5: 5:
5: 8D 8D


 

 

















 


















































 






 




 Reza Aditama et al. /  Procedia Chemistry  16 ( 2015 )  357 – 364 361
8D 9A >3
>3 >3 >3
>3 >3 ?3
DA DA E5
F7 ;B ;B
;B ;B ;B

























 



































 








 
 
 







 
 







 
 







 


 
 



 


 







 























 

 

 























 


362   Reza Aditama et al. /  Procedia Chemistry  16 ( 2015 )  357 – 364 
;B ;B ;B
;B ;B ;5
%BD %D7 %D:
%35
;9

 %A>75G>3DEFDG5FGD7EA8;@:;4;FAD
GDF:7D3@3>KE;E4KGE;@9 $;9(>AF BDA93?FA7H3>G3F7;@F7D35F;A@EA84AF: ;53@68D>;93@6E;@E;67F:74;@6;@9
E;F7A8!!D7H73>76EA?7;@F7D35F;@9D7E;6G7E3@6L;@5;A@;@HA>H76;@F:74;@6;@9I;F:4AF:>;93@6E;9
 
/7
@AF;576F:3F4AF:>;93@6E:3H7F:7E3?7;@F7D35F;A@?A67I;F:' F:7EG4EFD3F7?A>75G>7A8!!;@I:;5:4AF:
;53@68D?A>75G>7E3D7 D7B>35;@9 F:7BAE;F;A@A8' ?A>75G>7 FA?3=75AAD6;@3F;A@4A@6I;F:2@ ;A@ F:3F
3>EA5AH3>7@F>K4AG@6I;F:F7FD3:76D3>5A@8AD?3F;A@FA  ;E ;E3@6  ;ED7E;6G7E
!@366;F;A@F:7BAE;F;A@
A84AF: >;93@6?A>75G>7E ;@E;67 F:74;@6;@9E;F7A8!! I7D73>EAEF34;>;L764K:K6DA97@4A@6EI;F:EGDAG@6;@9
D7E;6G7E
 ;@I:;5:8AD;5?A>75G>7;F?367:K6DA97@4A@6EI;F:E@,:D3@6,:DD7E;6G7EI:;>78AD
8DI;F:E@>@3@6,:D
/73>EA@AF;576F:3F!!4;@6;@9E;F7:3H7EA?7@A@	BA>3DD7E;6G7EF:3F?3K
5A@FD;4GF7 FA F:7 EF34;>;FK A8 F:7 >;93@6 4;@6;@9 H;3 :K6DAB:A4;5 ;@F7D35F;A@E
  >F:AG9: F:7 FKB7 A8 ;@F7D35F;A@E
EF34;>;L;@94AF:>;93@6E3D7E;?;>3D4GF;5?A>75G>7:3E47FF7D8;F@7EE E5AD75A?B3D7FA8D
,:;E53@477JB>3;@76


























 









 


 










 



 

















 

















 















 













 Reza Aditama et al. /  Procedia Chemistry  16 ( 2015 )  357 – 364 363
4K F:7 6;887D7@57 ;@ F:7 5>AE7EF 6;EF3@57 A8 L;@5 ;A@ FA ;5 3@68D ?A>75G>7EI:;5:I7D7 
O 3@6 
 O
D7EB75F;H7>K ;9


3 4
;9

+5:7?3F;5D7BD7E7@F3F;A@A8 ;533@68D4;@F7D35F;A@I;F:!!
>F:AG9:6A5=;@9?7F:A6 ;EH7DKGE78G> FAA>E FABD76;5F F:7 ;@F7D35F;A@47FI77@3 >;93@63@63 D757BFAD4GF ;F
EF;>> :3E >;?;F3F;A@ 6G7 FA F:7 E;?B>;8;53F;A@ A8 F:;E ?7F:A6
 !@ F:;E IAD= I7 B7D8AD?76 ?A>75G>3D 6K@3?;5E
E;?G>3F;A@FAD78;@7F:76A5=;@9D7EG>F
;E7F;@I:;5::3EF:7:;9:7EF8;F@7EEE5AD7I7D7B3D3?7F7D;L764K 3F;A@;5
G??K FA? 3BBDA35:
 ,:7% D7EG>FE E:AI76 F:3F F:7 !!	;5 5A?B>7J I3E EF34>7 ;@ F:7 5AGDE7 A8  @E
E;?G>3F;A@B7D;A63ED7H73>764KF:7F;?75AGDE7A8*%+H3>G7I:;5:I3E47>AIO3>A@9F:7E;?G>3F;A@B7D;A6

;9
3
,:7;@F7D35F;A@47FI77@L;@5;A@I;F: ;E  ;E  ;ED7E;6G7E 3@6;5?A>75G>7I7D7EF;>>;@F35F;@
F:75AGDE7A8E;?G>3F;A@
 +;?G>3F;A@D7EG>FE3>EAE:AI76 ;5?A>75G>7 @A>A@97D3FF35:76FAF:7 E@,:D3@6
,:D 
 ,:7 ;@F7D35F;A@E 3D7 D7B>3576 4K ,:D H;3 :K6DA97@ 4A@6 ;9
 4
 ,:7 6;887D7@F D7EG>F 47FI77@
%A>75G>3D 6K@3?;5E 3@6 6A5=;@9 E;?G>3F;A@ ;E B7D57;H34>7 6G7 FA F:7 >;?;F3F;A@ A8 6A5=;@9 ?7F:A6
%A>75G>3D
6K@3?;5EE;?G>3F;A@;E7JB75F76FA9;H7GE?AD7355GD3F7 4;@6;@9 BD76;5F;A@A8!!	;55A?B>7J

3
364   Reza Aditama et al. /  Procedia Chemistry  16 ( 2015 )  357 – 364 
4
;9
 
 *%+ 33@6E5:7?3F;5D7BD7E7@F3F;A@4A8 !!	;5 5A?B>7J ;@F:75AGDE7A8@EE;?G>3F;A@F;?7
 
,:;ED7E73D5:EG997EF76F:3F4AF:;53@68D?A>75G>7E3D79AA653@6;63F7FA47GE763E!!;@:;4;FAD
,:7
4;@6;@9?A67 A8 ;5 3@68DI;F:!! 4;@6;@9 E;F7 3D7 E;?;>3D FA ' 3E AD;9;@3> >;93@6 A8 F:;E 7@LK?7
,:7
4;@6;@96;EF3@5747FI77@ L;@5 ;A@I;F:4AF: >;93@6E E;9@;8;53@F>K 38875F F:7 388;@;FKA8 4AF: >;93@6
AF:;5 3@6
8D?A>75G>753@8GDF:7D47GE763EEFDG5FGD3>43E;EFA67E;9@@7I;@:;4;FADE8AD!!


,:;EIAD=I3EEGBBADF763@68G@6764K!,D7E73D5:8G@6;@98ADEFG67@F8;@3>BDA<75F



 +GBGD3@,+5ALL383H3
3E;@;


X3D4A@;5@:K6D3E7!@:;4;FADE
Y $#("(, *$0$ /"'$3($40 
>E7H;7D$F6V


 +>K/+ 3@6 (1 G
 
 X G?3@3D4A@;5@:K6D3E7E 3@63D4A@;5@:K6D3E778;5;7@5;7E
Y ,,2 *$3($4-% (-"'$+(01/6 
"3@G3DKV


 +GBGD3@,
+5ALL383H3


3D4A@;5@:K6D3E7;@:;4;FADE3@6F:7;DF:7D3B7GF;5BAF7@F;3>
 5..(,'$/ 1$,10 	


 +G9DG7%

(:3D?35A>A9;53>3@6A5G>3D:KBAF7@E;H7BDAB7DF;7EA8FAB;53>53D4A@;53@:K6D3E7;@:;4;FADE
 /-&/$16$$0
	



 %3D7@, 

3D4A@;53@:K6D3E75:7?;EFDKB:KE;A>A9K3@6;@:;4;F;A@
 '60(-*$3 	


  G3@9 
)
0G$;@(
":3@9";G"
G3@92:;2
$; G3"
0;3@9
 ";#3;$;G7F3>

X+5D77@;@93@6A5=;@9+FG6;7EA8
&3FGD3>(:7@A>;5!@:;4;FADEA83D4A@;5@:K6D3E7!!
Y "($,"$(,'(, $/($0'$+(01/6 
+5;7@57:;@3(D7EE5A	BG4>;E:76I;F:
+BD;@97DV


 +3:;@ 
3@2
1;>6;L'
#A>3K>;+

X!@:;4;F;A@A853D4A@;53@:K6D3E7 ;EALK?7E !3@6!!I;F:@3FGD3>BDA6G5FE7JFD35F768DA?
B>3@FE?GE:DAA?E3@6:A@7K
Y -2/, *-%,76+$,'(!(1(-, ,#$#("(, *'$+(01/6
V

 >A@EA 
>;L@KG=
3@6D736K "



XA?4;@;@9A5=;@93@6%A>75G>3DK@3?;5+;?G>3F;A@E ;@DG97E;9@
Y $#("(, *
$0$ /"'$3($40 V


 .7D6A@=%
$
A>7"

 3DFE:AD@%
"
:D;EFAB:7D/%GDD3K3@6*;5:3D6,3K>AD

X!?BDAH76(DAF7;@	$;93@6A5=;@9-E;@9
'$
Y /-1$(,0 V


 /3>>357

 $3E=AIE=; *

 3@6 ,:AD@FA@ "
%
 
 X$!($', (DA9D3? FA 7@7D3F7 +5:7?3F;5;39D3?E A8 (DAF7;@	$;93@6
!@F7D35F;A@E
Y 9/-1$(,,&(,$$/(,&$0(&, ,#$*$"1(-,: V


 (7F7DE%
13@91
/3@9
SEF;	%A>@QD$
/73H7D%
&
%7DL#
%


X+FDG5FGD3>+GDH7KA82;@5A@F3;@;@9(DAF7;@E3@6F:7
7H7>AB?7@FA8F:72;@5%*AD57;7>62
Y -2/, *-%'$+(" *'$-/6 ,#-+.21 1(-, V


 1AD=
%
3D67@,

(767DEA@$

X(3DF;5>7?7E:I3>6@&N>A9&?7F:A68ADI3>6EG?E;@>3D97EKEF7?EY '$+'60 
	


 3E7,3D67@,:73F:3?$+;??7D>;@9"/3@9*G=7*$GA7F 3>

X%*
Y-@;H7DE;FKA83>;8AD@;3+3@
D3@5;E5A


  G?B:D7K/
3>=7
3@6+5:G>F7@#
.% 	 .;EG3>%A>75G>3DK@3?;5E"
%A>75
D3B:;5EHA>
BB
	

